Hemolytic streptococci are classified by the serological detection of the group-specific polysaccharide or "C-substance" (6, 9) . The groupspecific polysaccharides of streptococcal groups A (7), C (8), B, and G (3) have been shown to account for a major portion of the cell walls of the bacteria and to significantly contribute to the carbohydrate composition of the whole cells. The type-specific polysaccharides of group D streptococci were found to be the structural and chemical counterparts of the group-specific polysaccharides of other groups (2) . In all cases, rhamnose was the major monosaccharide component, and it has been suggested that the polysaccharides have a common polyrhamnose core (8) . This report describes the characteristic carbohydrate fingerprints of group A, B, C, F, and G streptococci obtained by gas chromatography of whole cells analyzed as their trifluoroacetate derivatives after methanolysis. The (10) . Grouping and typing of streptococci were carried out by methods described previously (4 Streptococci grown on sheep blood agar were prepared by transferring a portion of an isolated colony to a capillary tube by using an inoculating loop. The sample was rinsed off the loop into a conical plastic micropipette tip attached to a glass capillary tube by a 2-mm length of polyethylene tubing. After a brief centrifugation, the sample was rapidly dried under vacuum.
Derivatization. Sugars and alditols were obtained from Sigma Chemical Co., St. Louis, Mo. High-purity methanol, hexane, and NN-dimethylformamide were obtained from Burdick and Jackson Laboratories, Muskegon, Mich. N-Methyl-bis(trifluoroacetamide) (MBTFA) was obtained from Pierce Chemical Co., Rockford, Iil.
Methanolic HCl was prepared by passing dry HCI gas through methanol until the concentration was 1.4 N (determined by titration with a standard base). A 10% (wt/vol) solution of MBTFA in NN-dimethylformamide was prepared weekly. The derivatization mixture was prepared immediately before use by adding 10 ,ul of pyridine to 100 ,ul of the 10% MBTFA solution.
The monosaccharide analyses were carried out by using an improved modification of a highly sensitive gas chromatographic procedure described previously (11 (2, 4, 5, 6 ), 1,4-anhydroglucitol (7) , galactose (8, 10, 12) , glucose (9, 11) RESULTS AND DISCUSSION Figure 1 shows typical chromatograms obtained for 2-,ig samples of group A, B, C, and G streptococci. The chromatograms were highly characteristic for a particular streptococcal group. Group A and C streptococci showed a virtual absence of galactose (peaks 8, 10, and 12). Groups A and B had little or no N-acetylgalactosamine (peaks 14 and 16), whereas this sugar is a major component of groups C and G. Only group B streptococci had 1,4-anhydroglucitol (peak 7), and its presence is diagnostic for the group (Pritchard et al., submitted for publication). Table 1 summarizes compositional data obtained for streptococcal groups A, B, C, D, F, and G. Rhamnose was a major component of all the streptococcal groups. All organisms also contained ribose, glucose, N-acetylglucosamine, and N-acetylmnuramic acid. Only minor differences were noted in the carbohydrate composition of types Ia, Ib, II, and III and the nontypable 090R strain of group B streptococci. Table 1 shows the average values for the group.
Ribose was present in all streptococci and presumably originated from ribonucleic acid since it was not present in purified cell walls. Deoxyribose is destroyed by the reaction conditions. N-Acetylmuramic acid is derived from cell (8) wall peptidoglycan. Chromatograms obtained for group B streptococci were unique in containing 1,4-anhydroglucitol. This compound was derived from glucitol phosphate during methanolysis and is characteristic of group B streptococci.
Unlike other groups, the C-substance of group D is a cytoplasmic rather than a cell wall constituent. The five group D strains examined here were quite uniform; however, different types are known to vary in composition (2) and would likely yield differing chromatograms.
The monosaccharide compositions obtained in this study for whole bacterial cells show general agreement with values obtained for cell walls and various group-specific carbohydrates of previous reports (2, 3, 7, 8) . Precise comparisons are difficult, however, because only values for selected monosaccharides were reported by previous investigators, and their analytical methods often did not distinguish among the different hexoses.
The use of gas chromatography in bacterial chemotaxonomy has been reviewed (5) . The analytical procedure employed in this study represents a major improvement over existing methods. Aluyi and Drucker (1) reported a combined gas chromatographic-mass spectrometric procedure for obtaining fingerprints on 5 mg of lyophiized cells of Streptococcus mutans. The procedure described in this report is several thousand times more sensitive, requiring less than a microgram of cells for analysis. In addition, the very high resolution obtained by using a capillary column and the great sensitivity and specificity for monosaccharide trifluoroacetates obtained by using an electron capture detector are major advantages. The abiity to analyze bacteria from single colonies grown on solid medium eliminates the usual need for broth cultures and extraction of the bacterial cell pellets. The method is not intended for the routine grouping of hemolytic streptococci but should be especially useful in the area of bacterial chemotaxonomy.
The high sensitivity of the procedure makes it feasible to extend it to the examination of products; the presence of glucitol would strongly suggest group B. Group A and group B streptococci are major human pathogens, and groups C, D, F, and G are also known to cause disease. The ability to obtain highly characteristic carbohydrate fingerprints of whole bacterial cells opens yet another dimension to the study of these organisms.
